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RUBBER COMPOSITIONS, METHODS OF MAKING RUBBER 
COMPOSITIONS, RUBBER AND RUBBER-CONTAINING ARTICLES 



FIELD OF THE INVENTION 
5 This invention has to ,do with new rubber 

compositions and the way in which they are made. It also 
relates to uses of the compositions to make articles, and 
to the resulting new articles. A particular feature of 
• '• the new proposals relates to- the incorporation of cured 
10 rubber particles, especially comminuted recycled rubber, 

into curable rubber compounds. Another important aspect 
is in enabling the preparation of curable rubber 
compounds that are coherent and roll-processable, so that 
they can readily be made into or incorporated in laminar 
15 articles such as mats and flooring. 

BACKGROUND 

Rubber materials, synthetic and natural, are 
available in many kinds and with a wide variety of uses. 
A typical commercial rubber composition contains a 

20 curable base rubber such as natural rubber, SBR, nitrile 

rubber, EPDM, chloroprene etc. or some blend thereof, 
together with a curing system by which the base rubber 
can be crosslinked to form an article of stable defined 
shape. Most uses rely on the inherent properties of the 

25 rubber system but require modification of the mechanical 

properties, so rubber compounds almost invariably contain 
fillers and extenders of various kinds. A wide variety 
of fillers and extenders is known to the skilled person; 



their functions according to -context of use include . 
increasing the tensile strength, tear strength, abrasion 
resistance and compression/extension modulus of the cured 
composition, reducing the amount of curable rubber needed 
(and hence the cost), and in some cases conferring 
special properties such as conductivity. Compared with 
other polymers however rubber tends to be expensive. For 
example despite its suitability for use in flooring 
materials, rubber tends to be" supplanted by other cheaper 
synthetic materials such as PVC or polypropylene. 

Since rvibber is nevertheless used in vast 
quantities, there has for years been interest in 
recycling or reworking vulcanised (cured) waste rubber 
products. For example ground rubber from tyres, buffings 
and other sources is commonly added as a filler into 
virgin rubber compounds to reduce costs. Non-rubber 
binders such as polyurethane are also used. 

The size of commercially available ground rubber 
particles varies- widely: largest particles can be as 
large as 15 mm with the majority being from about 3 mm 
down to about 0.1 inm, and significant levels of very fine 
Must'. The amount that can be used depends on the end 
use of the filled product. Bulky products such as dock 
fenders which undergo modest dynamic stresses can use 
high proportions of recycled ground rubber, up to about 
75%. Where significant elastomeric performance is 
required in the product, however, only low levels, (up. to 



ground rubber lowers tensile strength and dynamic 
properties; as well as decreasing the green strength of 
the rubber compound making it hard to process. Over the 
years a number of proposals have been made for improving 
incorporation of recycled ground rubber so that the level 
of recycling can be increased. See for example Polymer 
Engineering and Science, 15 February 1993 Vol. 33 No. 3 
page 166, discussing the -incorporation of cryogenically 
ground rubber tyre material as filler in polyolefin 
blends. See also Rubber World, Vol. 12 1983 page 36 
(Stark and Leighton) and related US-A-4481335 . The 
latter patent describes treating the surface of ground 
scrap rubber from tyres with a liquid rubber containing a 
high level of curing agent, creating a crumb rubber 
preparation with a modified surface which can be directly 
compression moulded, and described as a free-flowing 
particulate product. It also describes incorporating 
this pre-treated crumb rubber into base rubber compounds 
as an extender or filler, in line with the known uses. 
The compounds are compression moulded, but cannot be 
roll-processed . 

Despite the many past proposals for improvements, it 
is generally true that up until now the incorporation of 
cured rubber particles such as ground recycled rubber 
. into virgin rubber compounds has led to serious adverse 
effects on the physical properties, in particular tensile 
strength, tear, elongation at break and abrasion 
resistance. These adverse effects are reduced if smaller 



rubber particle sizes are used (less than about 0.4 mm), 
but reduction of the ground rubber particle size leads to 
serious difficulties of processing. It is difficult to 
disperse the small-particle crumb rubber in the rubber 
compound. Furthermore the processing capabilities needed 
for making certain kinds of articles, e.g. adequate 
handling properties for mixing, extrusion, roll-blending 
or calendering are lost entirely when the amount of added 
rubber dust rises above about 10 or 15 wt%. The mixture 
lacks tack and uncured rubber green strength. It cannot 
be roll-processed. So, in applications such as the 
manufacture of mats or flooring, or other products which 
have to be roll-processed, or any product where retention 
of tensile, tear, abrasion strength and compound 
processing is important, the use of small-particle rubber 
crumb/dust as an additive has been limited to low levels 
of from 5% to 15%. • Greater additions seriously affect 
the physical /dynamic properties and processing options, 
limiting the kinds of products that can be made. 
SUMMARY OF THE INVENTION 

An object of the invention is to provide new methods 
of incorporating particulate cured rubber into curable 
rubber compositions, enabling high levels of 
incorporation of cured particulate rubber while 
maintaining usable physical and dynamic properties. 

Another object of the invention is to provide 
curable rubber, compositions and cured rubber products 



Another object of the invention is to enable the 
provision of curable rubber compositions and cured rubber 
articles in which rubber particles of very small size are 
fully dispersed by means of novel rubber compounding 
methodology and/or materials. 

Another object of the invention is to provide 
curable rubber compositions and cured rubber articles 
containing high levels of particulate cured rubber and in 
particular recycled rubber, in conjunction with low' or 
zero levels of inert fillers. 

Another object pf the invention is to provide 
curable rubber compositions which can be roll-processed 
or extruded, containing substantial levels of particulate 
cured rubber e.g. above about 15 wt% . 

Another object of the invention is the provision of 
novel floor coverings and mats, including a (preferably 
tufted) textile layer and a backing layer of rubber 
comprising a substantial proportion of recycled rubber 
particles. 

In general terms, what we propose in a first aspect 
is a method of making a curable rubber compound in which 
crumb rubber (particulate cured rubber) is mixed with a 
curable base rubber and an appropriate curing system 
(appropriate curing or vulcanising agent (s) plus any 
necessary or optional accelerators and/or activators for 
the curable rubber concerned) , characterised by including 
in the mix curable rubber component of sufficiently low 
viscosity to wet the crumb rubber. Adequate wetting may 
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be evidenced by the mixed compound's ability to be roll- 
processed, or to form a self-supporting coherent web. 

This simple but radical proposal opens the door to 
the inclusion of high levels of crumb rubber, at low 
particle sizes and hence good product quality, with 
maintenance of useful strength and dynamic properties. 
The low viscosity rubber component preferably is (or 
comprises) a curable liquid rubber combined with the 
curable rubber base which generally is not liquid; they 
are typically of a visco-elastic consistency; the Mooney 
viscosity (ML 1+4 @ 100°C). may be in a general range of 
from 10 to 105, more usually from 30 to 80, especially of 
from 30 to 55. Additionally or alternatively the 
selection of lower viscosity base rubbers can itself 
contribute to the wetting 6f a significant proportion of 
crumb rubber. Additionally or alternatively, a base 
rubber subject to molecular cleavage, e.g. natural 
rubber, may be processed (e.g. by the use of one or more 
peptisers acting on that rubber, and/or by the 
application of prolonged mixing/heating conditions as 
known to a skilled person) to produce a low-viscosity 
component in the base rubber that will contribute 
necessary wetting of crumb rubber. This may be done 
before the combination with the rubber particles, e.g. by 
pre-working of the base rubber or a selected portion 
thereof. 

These proposals involve a simc.le hut rsiilicaJ. 



rubber. The conventional wisdom is that, where a high 
level of a particulate filler is to be included, levels 
of processing oils and other (often soap-based) 
processing aids must be correspondingly raised to 
increase the compound's ability to disperse and wet the 
particles. The larger the weight proportion of 
particles, the smaller they are and/or the more complex 
the surface conformation (larger surface area) , the 
greater the requirement for high- levels of these 
processing aids. [Note that mechanically-ground 
particles tend to have a higher specific surface area 
than cryogenically-ground particles.] However these 
nrnrf^nsiric aids ^"'^ ^ si anif leant extent alien to the 

curable rubber system. At . high levels they cannot as 
easily be fully taken up by the mix, and may bloom to the 
surface of the resulting procJucts . They have little 
chemical interaction with the rubber system, so that they 
do not help the uncured compound to cohere and in a cured 
compound they reduce the modulus. Also, when used to 
assist the blending of cured rubber particles, their 
internal lubrication function naturally involves coating 
the surface of the particle. As further discussed below, 
while promoting the necessary physical dispersion this 
prevents intimate interaction between the particles and 
the surrounding rubber matrix. Processing aid which has 
migrated to the surface is in itself problematic e.g. 
when something needs to be adhered to that surface. 
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By contrast, when using a low viscosity rubber 
component such as an added liquid curable rubber as a 
processing aid, these disadvantages can be avoided and 
complementary advantages achieved. 

Firstly, the low-viscosity rubber is in itself 
curable and forms an integral part of the matrix of the 
cured compound. Furthermore it has a natural chemical 
affinity for the surface of the cured rubber particles, 
preferably being of the same rubber type or family and/or 
being curable by the same or a similar curing system. 
The process of grinding rubber into dust produces 
particles with a level of surface activity due to a "de- 
linking", typically of sulphur-carbon crosslinks. It is 
thought that the fresher the ground rubber, the greater 
the surface activity of this kind. Under suitable 
curing/vulcanisation conditions, these broken links may 
recombine and bond the particle surface chemically to the 
surrounding virgin compound. 

The types of curable base rubber, low viscosity 
curable rubber component and cured rubber particle are 
not particularly limited. However they should be 
selected for compatibility with one another, and for 
compatibility/identity of their curing systems. This 
compatibility enables the low viscosity component - if 
initially distinct from the rest of the base rubber - to 
integrate fully with it. It also enables the low 
viscosity component (e.n, disjtinct li-quid rubb.«x^ or Iqv.- 



surfaces of the cured rubber particles^ where these have 
exposed residues of the original curing system. For 
example, ground particles of waste cured nitrile rubber 
can be incorporated in a nitrile base rubber, using a 
liquid nitrile rubber as processing aid. Or, ground 
rubber particles from used tyres (containing natural 
rubber (NR) and/or styrene-butadiene rubber (SBR) ) are 
most conveniently incorporated into a natural base 
rubber, or an SBR base, or an NR-SBR blend, using as the 
special processing aid ^ liquid and/or pre-masticated NR 
and/or SBR. 
Base Rubber 

Preferred curable base rubbers include NR, SBR, NBR, 
butadiene rubber, butyl rubber, ethylene propylene diene 
.monomer copolymer (EPDM) rubber, polychloroprene, 
polyisoprene (synthetic NR) , and compatible blends of any 
of these with one another or with other rubbers, in 
accordance with the skilled person's knowledge. In 
general terms, any rubber based on the polymerisation of 
unsaturated groups should be usable. 

The viscosity of the base rubber is selected in line 
with the intended use, having in mind the need to combine 
with the particulate cured rubber and whether, in view of 
a desired product and available processing, it is 
necessary to combine with a distinct low viscosity 
curable component such as liquid rubber or a portion of 
low viscosity base rubber or base rubber whi<:h has been 
pre-masticated (particularly for NR) to reduce its 
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molecular weight and hence its viscosity so that it can 
wet the rubber filler. Typically, the base rubber Mooney 
viscosity (ML 1+4 @ lOO^C) can be in the range 10 to 105, 
more usually 30 to 80. At the lower end of the viscosity 
5 range, the base rubber may itself contain sufficient low 

viscosity component (shorter molecules) to wet cured 
particulate rubber filler, in which case less or even no 
separate liquid rubber additive may be called for. This 
v^ill depend on the absolute quantity and oh the surface 
10 area (particle size) of the cured rubber particles used. 



as well as on any other fillers which may be present, and 
on the level of use of any other kinds of processing 
aids . Normally the addition of at least some liquid or 
low- viscosity or (pre-) masticated rubber component is 



15 



desirable . 



Liquid Rubber 



Where (as is preferred) a separate liquid rubber is 
added into the mix, it may be any low molecular weight 



curable rubber compatible with the base rubber and with 



20 



the filler (especially particulate rubber) being used. 



It may be a blend of liquid rubbers with different 



molecular weights. The viscosity and amount of the 



25 



liquid rubber can be selected by a skilled person taking 
into account the amount and particle size of the 
particulate cured rubber, as well as of any other 



particulate additives, of any other (non-rubber) 



processina aids and of tho viscosity of che base r nHb^ -r- . 
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at least 5 phr (parts per hundred of rubber) often at 

least 10 phr. 

Likewise the viscosity can be selected empirically 
to achieve a practically effective dispersion, in line 
with a skilled person's normal practice, but typically a 
liquid rubber will have a viscosity at the mixing 
temperature less than about 100,000 cp, more preferably 
less than about 60,000 cp. Such viscosity values may be 
tested at a reference temperature representative of the 
mixing temperature, or at 100°C, or even at 40°C or room 
temperature. A convenient test is that of being 
^pourable' . Typically the number average molecular 
..«4^v,4- ioo« i-h^n finn.OOO, more preferably less than 
100,000, usually less than about 50,000. 

The rubber type is selected for compatibility, as 
mentioned. Suitable low viscosity /liquid rubbers include 
SB copolymers, synthetic polyisoprenes, depolymerised and 
masticated NR, NBR {copolymers of acrylonitrile and 
butadiene), butadiene rubbers, low molecular weight EPDM 
rubbers, and other low molecular weight rubbers based on 
olefin, diene and/or other unsaturated monomers. 

It should be noted that these low viscosity 
materials are in themselves well known in the industry, 
often as compound ingredients for pressure-sensitive 
adhesives, castable products, sealants and asphalt 
modifiers. They are also known as reactive viscosity 
modifiers, but their direct use- in a mix for 
incorporating particulate rubber is new. The liquid 
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rubbers are desirably used directly, not as emulsions. 
As with all rubber blends, it is important .to select the 
liquid xubber type for compatibility with the base 
polymer in terms o'f both solubility and cure performance. 

The present use is distinguished from that' in US 
4481335, where liquid rubber containing very high levels 
of curing agent was used in a separate process to treat 
the surface of recycled ground rubber particles, which 
were then used subsequently for direct moulding, or for 
subsequent incorporation into base rubbers. In our 
technique the liquid rubber. is used more in the faanner of 
a processing aid at the mixing stage. It need not be 
pre-applied to the rubber particles, it need not be 
blended separately with curing agent, and in particular 
not with levels of curing agent much higher than for the 
rest of the mix. Generally speaking, in the present 
techniques • it is satisfactory to combine the liquid 
rubber directly with the base rubber and the rubber dust, 
the cure system being added later in the mixing cycle. 
For example the base rubber and liquid rubber may be. 
initially combined and mixing commenced before addition 
of the rubber dust (and optionally other particulate 
fillers) and of the curing system: suitable methods are 
discussed below. 

Where a separate low viscosity/liquid rubber is 
included, the mentioned base rubber typically constitutes 
from 75 to 95 parts per hundred of- the. toral oursbie 



rubber (the remainder being the added low 
viscosity/liquid rubber) . 

The liquid rubber can cure/vulcanise within a base 
rubber matrix. Although of low molecular weight, and 
therefore assisting in surface wetting, liquid rubbers 
are still polymeric and will not significantly damage or 
swell the rubber dust particles. They do not .contaminate 
or mask the cured rubber particle surface, and therefore 
do not inhibit crosslinking into the matrix. Similarly, 
the liquid rubber improves adhesion between the cured 
rubber particles and the base rubber matrix, leading to 
good processability. Finally, being entirely compatible 
with the cured system, the low viscosity or liquid 
polymer component has no solubility limit unlike some 
processing oils and therefore has no tendency to bloom to 
the surface of the cured product. This is important 
because such bloom is a problem in bonding other 
materials to the rubber, e.g. in laminated products. 

[It should be noted that where figures in examples 
are given herein in terms of phr, added liquid rubber 
itself counts in the parts of rubber. However this is a 
choice; it is also legitimate to designate the base 
polymer system as constituting 100 phr and added liquid 
polymer as a process aid.] 
Particulate Cured Rubber 

[In the following, as before, references to ^^mesh" are to 
standard US sieve designations (ASTM) ] . 
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The cured rubber particles are preferably recycled 
rubber, e.g. from ground tyre material or mat material. 
This grinding may be conventional grinding or cryogenic 
grinding. Such ground and recycled rubber dust (crumb 
rubber) is well known, although as mentioned its use in 
performance rubber compounds has been very limited. 
Particles used at high levels have previously been the 
larger particles or granules, usually of diameter over 
0.5 mm. While such larger particles can be incorporated 
using the present methods, and better than with previous 
methods in that the compounds become coherent and 
processable, the special benefit of the present methods 
is particularly found with incorporations of high levels 
of the smaller particles which prior art methods are 
unable to use. In known compounds made with rubber criimb 
additive, low physical and dynamic properties have to be 
accepted. The loss of strength can be attributed to the 
ease of initiating tear adjacent a particle (localised 
rise in stress) and the feeble adhesion of the particle 
surface to the surrounding rubber matrix. Furthermore, 
attempts to incorporate fine particles in conventional 
compounds require high levels of processing oils because 
of the difficulty of dispersing and wetting the rubber 
dust; this coats the particles and exacerbates the lack 
of chemical affinity as well as increasing oil content; ' 
again the end properties are badly affected. 

In the present methods and products, hcwevez:. the 
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affinity for the surfaces of the cured rubber particles. 
Furthermore, the rubber particles' surface activity, 
believed to be due to the «de-linking" of native 
crosslink sites, enables positive chemical bonding to the 
surrounding matrix. The smaller the particle size of the 
rubber dust, the greater its surface area and the greater 
the opportunity for such chemical recombination to take 
place. It is therefore realistic and preferable to use 
the smallest rubber dust available, within practical and 
commercial constraints, to achieve good physical 
properties in the cured product. 

The use of fine particles is also highly desirable 
from the point of view of making smooth surfaced 
articles, and/or articles containing thin layers of the 
rubber in which large particles would disrupt the layer 
integrity. 

Thus', while the particulate rubber should generally 
be less than about 1.00 mm in particle size (18 mesh) the 
particles are preferably less than about 0.5 mm, more 
preferably less than about 0.25 mm or 0.2 mm, and still 
more preferably 0.15 mm or 0.1 mm or smaller. These are 
maximum sizes corresponding to passing a sieve; there is 
. no problem if smaller or even immeasurably small dust 
particles are present too. Alternatively stated, the 
particles will pass through a number 40 mesh, more 
preferably a 60 mesh or an 80 mesh or smaller. 

A remarkable feature of the present technology is 
the ability to incorporate high percentages of the 
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particulate cured rubber into a composition while 
maintaining high levels of processability and product 
performance. Thus, the rubber dust content of the 
composition may be at least 20%, 30%, 40%, 50% or even 
5 60% (by weight) or more in the composition (or cured 

product) . In particular, rubber dust contents of 20, 30 
or 40% upwards with rubber particle sizes below 0.5 mm, 
preferably 0.25 mm or smaller in a coherent curable 
compound which can be extruded or roll-processed is a 
10 crucial advance in the art. Previous compounds 

containing high levels of crumb rubber could not be 
processed in this way, and could not be used, as present 
compounds can, to make roll-processed layer products such 
as mats or flooring, or flow-processed products. 

Normally the recycled crumb rubber will contain 
other materials associated with its previous use. For • 
example, recycled tyre rubber contains a proportion of 
supporting fibres from the tyre material e.g. polyamide, 
polyester or rayon. This is acceptable. 
20 Curing Systems 

Generally speaking, a curing system appropriate to 
the selected base rubber can be used in line with 
conventional practice, in particular where a liquid 
rubber component can cure by the same system as a base* 
25 rubber. Accelerators and activators may be used, again 
in line with conventional practice. Sulphur is a 
praf erred vulcanising agent. Suitable activator svsteras 
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selected from conventional ones. Where the nature of the 
rubber demands it, antidegradants may be included (e.g. 
antioxidants and anti-ozonants) . 
Other Fillers 

Conventional rubber compounds often incorporate 
substantial levels of inert fillers such as clay and 
calcium carbonate, as well as reinforcing fillers such as 
carbon black and certain kinds of silica or aluminium" 
silicate. In the present compositions inert fillers are 
preferably minimised or avoided, although reinforcing 
fillers and particularly carbon black can still be used. 
The wetting capability of the curable rubber (plus any 
other optional processing aids e.g. oil which may be 
included, but preferably is at modest levels) is 
preferably devoted to incorporating the particulate cured 
rubber at the highest possible level, plus any 
reinforcing filler such as carbon black. The 
incorporation of inert mineral filler such as calcium 
carbonate or clay uses valuable wetting capability to no 
good end, since the particulate rubber itself is an 
effective filler and moreover usually has a much lower 
density than inert mineral filler. 

Preferably the amount of inert filler in the 
composition and corresponding cured rubber is not more 
than 25 or 20 phr, more preferably less than 10 or 15 phr 
and most preferably about 0. Alternatively stated, not 
more than about 15 wt%, preferably less than 5 or 7 wt% 
and most preferably about 0 wt%. 
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The density reduction by reliance on particulate 
rubber filler in preference to inert filler can be of 
great technical and commercial importance. With flooring 
and other products it may reduce transport costs and 
improve efficiency of handling and installation. To 
illustrate: conventional clay-loaded flooring rubber 
compounds have a density (specific gravity) above 1.4. 
Compounds embodying our invention filled essentially with 
crumb rubber can have densities of 1.2, 1.1 or less. 

In contrast to inert filler, incorporation of a 
reinforcing filler and in particular a carbon black is 
often desirable in accordance with conventional practice, 
although the need to wet and disperse th.i s filler must be 
taken into account as mentioned. Typical quantities of 
reinforcing filler such as carbon black are up to about 
• 60 phr . 

Other Process Aids 

As mentioned, .it may be desirable to include some 
process oil or other processing- aid in the rubber 
compound to improve mixing and dispersal of components. 
Since a low viscosity curable rubber component acts as a 
processing aid, the amount of other (typically non- 
curable) processing aid can therefore be kept low so that 
associated problems such as blooming can be minimised or 
avoided altogether. 

The compound may also contain any one or more of 
ether additives in accordance vjxth. the .sJiilled person's 
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wanted, flame retardant for fireproof ing, UV stabiliser 
and/or other appropriate additives. 
Processing and Mixing 

Preparation of the compound can be carried out in a 
conventional mixer, e.g. an internal mixer having 
tangential rotors or intermeshing mixing elements. Other 
kinds of internal mixer or other mixer may be used; it is 
a feature of the present technology that special 
equipment is generally not required. Equally, the 
sequence of addition of compound ingredients may be 
generally conventional, and determined or adjusted using 
usual compounding skill. Where appropriate a natural 
rubber base polymer or a portion of it may be subject to 
a separate pre-mastication step to create a low molecular 
weight portion and enhance its wetting capability. 

For example, in one process the base rubber and any 
discrete low-viscosity rubber component such as liquid 
rubber may be added to the mixture at the same time. 
Other components viz. crumb rubber, any mineral filler, 
carbon black, any process aids, protective system, 
activator system, accelerator system, cure system, other 
miscellaneous ingredients and scorch .protection as 
selected are usually added .subsequently. This can be in 
line with usual practice, treating the cured crumb rubber 
as a filler to be incorporated, and regarding the low 
viscosity or liquid rubber component as part of the base 
polymer or as a processing aid. Other sequences may be 
used if effective, e.g. adding liquid polymer and crumb 



20 

rubber together to the mixture first, followed by base 
polymer and filler, or adding the liquid polymer as a 
process aid with the rubber dust later on. 

There is no need to apply liquid rubber 
preliminarily to cured crumb rubber as in US 4481335, nor 
need the liquid rubber be combined with a separate 
increased amount of curing agent preliminarily as in that 
earlier patent. 

Fill factor and addition times can be established in 
line with conventional skill to suit the machine in which 
the compound is mixed. Dump temperature should be 
controlled to maintain scorch safety as dictated by the 
chosen cure system, e.g. to below 110 °C for a typical 
sulphonamide/thiuram system. The temperature in the mix 
during mixing (arising primarily from shear forces) is 
typically between 100 and 150°C. Mixing time is 
typically between 1 and 5 minutes. ' 

Once mixed, the compound containing the dispersed 
rubber crumb forms a coherent proces sable batch which can 
be discharged from the mixer onto a suitable processing 
apparatus such as a two-roll open mill. 

In line with conventional practice, further 
dispersion of the components can be achieved by cutting 
and blending the mixed batch on a two- roll mill. 

From a two-roll mill, the mixed batch can be passed 
as a continuous coherent sheet which is able to support 
its ov.-n weight. This may then be_ proces. = eel in a 
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dip and allowed to cool before removal from the process 
and subsequent forming e.g. by compression moulding. 
Typically this may involve processing into a sheet of 
predetermined thickness and width using a calender. This 
gives the necessary accurate dimensions for subsequent 
moulding in a compression press, either by continuous 
feed of the calendered sheet or by the use of moulding 
blanks cut from the calendered sheet. Typical . moulding 
is carried out at a temperature between 130°C and 180°C 
using a closing force sufficient to fully form the 
desired moulded product.. • 
FURTHER ASPECTS 

A further aspect of- the invention is a curable 
rubber compound obtained or obtainable by a method as 
described, comprising a homogeneous dispersion of the 
particulate cured rubber in the uncured base rubber. The 
compound may be in a bulk form, or in a sheet form, e.g. 
calendered sheets . 

A further aspect is an article consisting of, 
consisting essentially of or comprising a cured rubber 
composition. obtained by curing a compound as defined 
•above, comprising a cured rubber matrix in which the 
mentioned cured rubber particles are dispersed. 
Preferred articles include articles in laminar form, or 
which incorporate the cured rubber composition in laminar 
form, such as floorings, mats, covers and sheeting. 
Further particulars of such articles are discussed below. 
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A further aspect is a method of making an article as 
defined herein comprising forming a rubber compound as 
above and processing it by a forming step including 
processing on one or more rollers and/or extrusion (and 
in which the formed web or extrudate can support and 
preferably does support its own weight in tension 
downstream of the forming step, e.g. between sets of 
rollers and preferably is calendered) before being 
subjected to cure preferably in a mould, and preferably 
under, heat and/or pressure. Preferably a layer form of 
the compound is cured with heat under pressure in a mould 
press. Other components or elements may be joined to the 
resulting rubber either in the mould or subsequently. 
Such components may be other layers e.g. of textile 
(which may be tufted) or of other rubber or polymer film 
or sheet, or mechanical insert elements. 

One particular product aspect of the invention now 
enabled is a mat comprising a textile layer bonded to a 
rubber backing layer. Preferably the textile layer is 
tufted. The rubber backing layer - which may be the sole 
backing layer for the textile layer - comprises a 
dispersion of cured rubber particles in a matrix of a 
second cured rubber, the cured rubber particles 
constituting at least 20 wt% of the rubber layer, or 
preferably at least 30 or at least 40 wt%. The rubber 
layer may be made using a method as described above; the 
^'-•^ji^^sporidLiLg preferences- and options all aoply. Th's 



Preferably both particles and matrix have the same rubber 
type, e.g. NBR or SBR or blends including these. In a 
preferred embodiment the particles are derived from 
recycled layer material e.g. mat material, - either 
conventional, or recycled material which itself is as 
proposed herein - which is recycled by comminution. The 
corresponding methods of ma.king the mats including 
recycling of rubber or rubber-containing product (such as 
existing mats "or mat material) is an aspect of the 
present proposals. Preferably the thickness of the 
mentioned rubber layer is from 1 to 20 mm. For loose 
mats the rubber layer is preferably less than 2, 3 or 4 
mm. thick. A.t these low thicknesses the smaller particle 
sizes for the dispersed rubber particulates are 
particularly advantageous, e.g. less than 0.5 mm or less 
than 0.25 mm. 
SHEET FORM ARTICLES 

The invention provides articles, especially sheet 
form articles such as surface coverings e.g. flooring 
materials, made from the rubber compositions described. 
A surface, covering may be a composite comprising at least 
one layer formed from the described rubber composition 
and at least one further layer of woven or nonwoven 
textile material-. The textile material may be e.g. a 
polyamide, a polyester, a polypropylene, a natural fibre 
or a mixture thereof. 

The surface covering may have a tufted surface, for 
example if the covering is for use as a carpet, mat or 
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artificial turf. The tufts are typically incorporated 
into the textile layer described above. 

Surface coverings with two or more rubber layers are 
also provided for by the invention. Preferably, the 
rubber layers are cross-linked together. 

The rubber compositions may be processed as a 
continuous web. This makes it practical for uniform 
thickness sheet articles such as surface coverings to be 
formed by moulding of the web. Compression moulding can 
be carried out much more quickly and on a larger scale 
than injection moulding (the method used for most 
flooring coverings) and permits textural features to be 
introduced onto the covering. 

A compression mould may be used. Typically the 
pressure used is up to about 1 tonne per square inch 
(about 0.16t/cm^) and the temperature is from about 110°C 
to about 195°C. This step may be preceded by a pre- 
forming step wherein the composition is extruded, rolled 
or calendered to produce a continuous planar web. 
Preferably the web is of a thickness of from about 0.5 mm 
to about 60 mm. The web may be coated, for example with 
glass particles, glass beads, metal dusts or granules of 
rubber to offer an improved appearance or performance. 
The web may be processed into slabs. or wound into a roll 
before compression moulding. 

Where the covering has a textile layer, the textile 
sarfa.cs can be \Tilcanised onto one or both surfa-ces of 
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a temperature of from about 120 ">C to about 220°C and a 
pressure of up to about 1 tonne per square inch (about 
0.16t/cm^). In certain embodiments of the invention, for 
example where it is desired to create a soundproof 
covering, a textile or similar sound inhibiting component 
may be vulcanised between two layers of rubber web. 

During the heating and compression moulding phase, 
the materials can be heated on one or both surfaces, or 
one surface can be cooled to protect the textile covered 
surface from melting or losing its thermoset memory. 

Where the "covering comprises two or more rubber 
layers, the first layer may be produced according to v 
methods described herein and coated with a second layer 
of a rubber composition, preferably also of the 
invention, and the whole subjected to high pressure and 
temperature to bind the two layers together. Preferably,- 
the second layer contains a cross-linking agent so that 
the second layer is cross-linked to the first. The 
second layer may contain a pigment. 

Compression moulding may also be used to create 
patterns, protrusions or voids such as channels in the 
surface covering. Thus, the invention also provides a 
. method of making a surface covering from the rubber . 
composition of the invention which includes the step of 
applying pressure at raised temperature to said 
composition by means of a patterned surface, which 
surface may have protrusions and/or voids. Pressure and 
temperature may be as mentioned above. 



The method may include voids or tunnels on one 
surface of the covering to accommodate cables or pipes^ 
or to accommodate service hardware such as outputs for 
power or data. The method may also be used to produce 
protrusions on the underside of the web. This is of 
particular use where the covering is a floor covering, to 
increase the time of incident on footfall, dissipating 
the greater volumes of energy necessary to absorb the 
forces imparted. It can also be of use where the floor * 
covering is to be used for sporting applications, in 
order to optimise the properties of the surface for ball 
games or athletics. 

The method may also introduce indentations into the 
covering to reduce its overall weight - 

The surface coverings are particularly well suited 
to use as floor coverings as they can have a high degree 
of hysteresis, offering efficient impact absorption by 
increasing the time of incident related to footfall or 
travel of .wheeled traffic such as trolleys or castor 
wheeled chairs over the surface without the need for an 
additional load-spreading laminating layer. Increased 
time of incident increases slip resistance in dry or wet 
conditions by allowing more time at the point of contact, 
consequently creating more time for the foot to purchase, 
which also increases pedestrian comfort. 

The surface coverings may be produced as a 
continuous \?eb. ojii aa discretr- p.r.nels . K r«=La-t±vely 
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mat,, such as a golf mat, or for flooring tiles. Barrier 
mats may also be produced in this way. 

Continuous web surface coverings may be joined at 
the seams and seamed together to cover a large surface 
for use as resilient floor covering for high-use 
pedestrian areas such as hospitals, bus and rail 
stations, leisure flooring for schools, gyms, nursing 
homes, and for sporting uses such as artificial turf for 
track, tennis, 'field hockey, soccer, skiing and 
snowboarding. The coverings may also be employed as- 
climbing wall crash mats, barrier mats, ice and roller, 
rink surrounds, track, tennis, field hockey, soccer and 

, 1 1 .^^i-^rr eir>r»*aR. The coverinQS can also be 

used to reduce impact on walls and ceilings as well as- 
soundproofing for walls, ceilings and floors. The 
surfacing may be particularly useful in veterinary 
surgeries as well as post and preoperative accommodation 
for animals . 

A particular feature is that at the end of its life 
the cured products themselves may be recyclable e.g. by 
grinding down to make particles which can be re-used to 
make a compound of the kind described herein. 
Factors Affecting Tuft Lock an d Web Impregnation (mats & 
• carpets) 

The ability to achieve a good level of tuft lock 
will depend upon several controllable characteristics of 
the rubber compound, namely rubber flow, its ability to 
bond and the cpmpound' s processing safety (scorch time). 
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Rubber flow is the ability of an unvulcanised rubber 
compound to penetrate between and enclose the fibres of 
tufted yarn and is usually critical in achieving a 
satisfactory tuft lock. Methods for optimising rubber 
flow are mentioned elsewhere, in relation to wetting 
ability. The size of cured rubber particles is also 
relevant, as mentioned below. 

The ability of a rubber compound to bond is affected 
by the rubber's chemical compatibility with the 
substrate. Various products are commercially available 
that can be added to rubber compounds to improve bonding 
to dissimilar materials, and these generally take the 

form of tacki "Fvi rtfT r-oo-ine TKo -t,^^ ^-e 4 _ t _ j 

J 3 — — — Ukju oui^ii iiici L.ej.xctJ.ei J.LI 

present matting or carpet compounds may be beneficial for 
enhancing tuft lock. 

Further benefits may be seen through optimisation of 
the cure system and sulphur level . • Conventional cure 
systems with sulphur levels above 1.5 phr and accelerator 
systems that exhibit a delay before cure onset and a 
steady progression of cure are likely to improve bonding 
performance . 

Consideration should also be given to the qualities 
of the rubber dust. Fine particle sized dust will have a 
greater surface area to volume ratio than a coarse crumb. 
It is also likely that the activity on the surface will 
be at its greatest when freshly ground, deteriorating 
v/ith rime Cis active sites- becom-z 0 2.znrii~di bv 



good flow, a compound containing smaller particles of 
rubber dust will more easily enter among and surround 
individual yarn filaments. The increased surface 
activity of freshly ground rubber dust may lead to an 
enhanced tuft lock through a greater retention of the 
rubber's physical properties. Rubber particles produced 
as a by-product of granulating tyre will be jagged and 
irregularly shaped. Such particles may well have a 
greater surface area and offer more surface activity than 
rubber produced in a grinding mill e.g. by cryogenic 
grinding where the particles have a smoother" surface and / 
more regular shape . 

A full encapsulation of the tufting yarns is 
desirable for maximum tuft lock, and should be achieved 
before the onset of vulcanisation. A cure system should 
be selected that gives sufficient scorch time (proces^ 
time before the onset of cure) to allow the rubber to. 
fully flow around and wet on to the yarn filaments before 
the onset of crosslinking causes a viscosity increase in 
the compound. The amount of scorch safety needed will.be 
dictated by the chosen cure temperature, the pressure 
used to consolidate the rubber to the back of the tufted 
yarn, and the density of the filaments. 

Primary accelerators that give a delayed action 
before the onsef of scorch, such as those from the 
sulphenamide range may be beneficial, with secondary 
accelerators chosen to achieve the desired rate of cure 
to maximise tuft lock. Consideration should also be 
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given to produce output demands. Accelerator systems 
that give less well defined rheometer MH values and 
exhibit some marching modulus effect can show some 
improvement to tear strength and may increase both 
tensile strength and elongation at break, but this must 
be balanced with any need to control -the cured product 
hardness and modulus. 



10 Example 1 

In this example a low-viscosity rubber component is 
prepared by pre-masticating part of the NR in a mix. The 
pre-mastication mix is first prepared by mixing together 
under controlled conditions the ingredients shown; 
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Pre-mastication mix 

Natural Rubber lOO.OOphr 
High Abrasion Furnace black S.OOphr 
Peptiser #1 0.20phr 
•20 Peptiser #2 2.00phr 

Peptiser #1 is a combination of aromatic • disulphide/metal 
- organic complex/fatty acid ester. 

Peptiser #2 is a blend of zinc soaps of natural fatty 
25 acids. 

The premastication mix is mixed in an internal mixer 
of -rither a t anccn tial cr inlrEnrrashina miziioo ^.ctLozv: 



The mixer is first charged with the natural rubber, 
followed in order by the peptisers and the carbon black. 
The mixing is complete and the batch is removed from the 
mixer when it achieves a temperature of 155®C. 

The. purpose of this premastication stage is to 
modify the viscosity of the natural rubber to enhance its 
binding and processing properties when used in subsequent . 
mixing. The viscosity of the described pre-mastication 
mix falls between the limits 30 to 55 when tested on a 
Mooney Viscometer under the test conditions of ML 1+4 @ 
100°C. 

The final mix uses a quantity of the premastication 
mix as one of the compound's ingredients. It is used' to 
enhance the final compound's processability within the 
mixing process and for subsequent forming processes. The 
final mix is preferably carried out in an internal mixer 
of either a tangential or intermeshing mixing action. 
The mixing process may be as described, or with 
variations to accommodate differences between mixer 
designs, size or levels of wear as will be understood by 
a person skilled, in this field. 
Start 

Load the mixer with polymers (base SBR and the 
described pre-mastication mix) and other components as 
detailed in Table 1, viz. mineral filler, crumb rubber, 
carbon black and oil . 
Mix for 20 seconds. 
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20 Seconds From Start 

Load process aids^ protective system and activator 
system. 

Mix for 20 seconds 
40 Seconds From Start 

Load accelerators^ cross-linking system and scorch 
protection. 

Mix until the shear forces of the mixing process cause 
the batch to reach 125''C (approximately 2 "minutes from 
start of mixing) . 

Discharge the mixed batch from the mixer onto a two-roll 
open mill . 

An adequate dispersion is achieved by cutting and 
blending the mixed batch on the two-roll open mill. 

The mixed batch is then removed as a continuous 
sheet from the two-roll open mill, passed through a 
suitable anti-tack dip and allowed to cool before being 
removed from the process. 

Formulations embodying the invention and processed 
by the described mixing technique include the following 
compounds with references CM4r CM5, CM5/1, CM5/2, CM5/3, 
CM6 and CM7 . Details of each of these variations are 
given in Table I. The table lists the specific gravity 
of each embodiment and the percentage of crumb rubber 
used. The reduction of the S.G. by the reduced levels of 
reinforcing and inert fillers (and the consequent 
increase in the percentage of crumt* rubber employed) is 
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Table I 





P.H.R. 








CM4 


CMS 


CM5/1 


CM5/2 


CM5/3 


CM6 


eta 


Pre- 

mastication 


21.44 


32.16 


32.16 


32.16 


32.16 


32.16 


50.00 


SBR 


80.00 


70.00 


70.00 


70.00 


70.00 


Id on 


SO 00 


Carbon 
Black 


50.00 


40.00 


40.00 


40.00 


40.00 


on on 


0 00 


Aromatic 
Oil 


60.00 


40.00 


40.00 


40.00 


40.00 




0 00 


Calcium 
Carbonate 


120.00 


20.00 


20.00 


20.00 


20.00 


n no 

u • uu 


' 0 00 


Crumb 
Rubber 


100.00 


150.00 


160.00 


170.00 


180.00 


4U ^ m \J\J 


170 .00 


Tackif ier 


5.00 


3.00 


3.00 


3.00 


3.00 


0 . 00 


0 .00 


Zinc Oxide 


4.00 


4.00 


4.00 


4.00 


4.00 


0.00 


0.00 


Zinc Oxide 
Active 


0.00 


0.00 


0.00 


0.00 


0.00 


2 no 


2.00 


Stearic 
Acid 


2.00 


2.00 


2.00 


2.00 


2.00 


1.00 


1.00 


6PPD 


1.50 


1.50 


1.50 


1 . 50 


1 . 50 


1.50 


.. 1.50 


TMQ 


1.00 


1.00 


1.00 


1.00 


1.00 


1 00 


1 .00 


LCil. U O U T> 


0.25 


0.25 


0.25 


0.25 


0.25 


0.25 


0.25 


TBBS 


1.10 


1.30 


1.30 


1.30 


1.30 


1.30 


1.30 


Soluble 
Sulphur 


3.25 


2.50 


2.50 


2.75 


■ 2.75 


2.50 


„ 2.50 


PVI 


0.20 


0.10 


0.10 


0.10 


0.10 


0.00 


s'; 0.00 


Total 
P.H.R. 


449.74 


367 .81 


377.81 


388.06 


398.06 


376.71 


•;279.55 


% Crumb 
Rubber 


22.24 


40.78 


42.35 


43.81 


45.22 


59.73 


60.81 


S.G. 


1.310 


1.145 


1.145 


1.146 


1.146 


1.098 


1.064^ 



FURTHER PROCESSING 

The final mixed coiajpound is further processed into a 
sheet of predetermined thickness and width through a 
calender. This forms the necessary dimensions for 
subsequent moulding of the rubber through a compression 
press, either by continuous feed of the calendered sheet 
or by the use of moulding blanks cut from the calendered 
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■sheet. Moulding is carried out at a temperature of 
between 130°C arid 180°C using a closing force that is 
sufficient to fully form the final moulded product. The 
finished surface covering has a uniform thickness and a 
uniform distribution of weight with the specific gravity 
as shown in Table 1 above. 

Table II shows and compares the physical properties 
achieved in each of the above examples. It is clearly 
demonstrated that the removal of the reinforcing and 
inert fillers gives an improved ultimate tensile 
strength.' The strain at failure initially reduces with 
the reduction of calcium carbonate from 120.00 phr to 
20.00phr and carbon black from 50.00 phr to 40.00 phr, 
but then remains reasonably stable and unaffected by 
other changes. It is of particular noteworthiness that 
the increase in the proportion of crumb rubber (recycled 
rubber dust) employed appears to have no detrimental 
affect on physical properties and may even give an 
improvement to the ultimate tensile strength. The 
significant increase of ultimate tensile strength 
observed with compound CM7 is believed to be due in the 
main to the use of a higher proportion of the low 
viscosity pre-mastication mix. The pre-mastication mix 
is predominantly natural rubber, and inherently has a 
higher tensile strength than SBR due to an ability to 
exhibit strain induced crystallisation. While a unique 
feature of che de^jcrii^sd foi-mulations is., the high 



masticated natural rubber (or other high tensile strength 
rubber) that imparts valuable processability to the 
unvulcanised compound, and contributes to the retention 
of useful physical properties. 



Table II 



Compound 


Tensile 
Strength 

UTS (MPa) 


Strain at 
Faxlure 

e£ (100%) 


Modulus 
0 - 50 % e ] 


(E) at: 

LOO - 300 % e 


Modulus 

Low /Moderate 
Strain 


CM4 

Replicate 1 
Replicate 2 

CxC^ JLX w« 'J 

Reolicate 4 


5.244755245 
5.139982502 
4 . 034016572 
4.96031746 


5.338945946 
5.396702703 
4.376189189 
5.341108108 


1.3546 
1.2507 
1.2351 
1.4379 


0.8461 
0.8233 
0.8271 
0.8033 


0.5085 
0..4274 
0.408 
0.6346 


Average 


4.844767945 


5.113236487 


1.319575 


0.82495 


0.494625 


S.D. 


0.553115706 


0.492091472 


0.09505673 


0.017544135 


0.102970234 


CMS 

Replicate 1 
Replicate 2 
Redicate 3 
Replicate 4 


5.372656607 
5.340909091 
4.906435418 
5.280898876 


4.839135135 
4.780189189 
4.440486486 
4.764216216 


1.3528 
1.408 
1.636 

1.5337 


0.9878 
0.9971 
0.987 
0.9808 


0.365 
0.4109 

0.649 
0.5529 


Average 


5.225224998 


4.706006757 


1.482625 


0.988175 


0.49445 


S.D. 


0.215905277 


0.179921792 


0.12722155 


0.006722289 


,0.130435182 


CMS /I 

Replicate 1 
Replicate 2 
Rpolicate 3 
Replicate 4 


5.416666667 
5.274261603 
5.507065669 
5.371900826 


4.925081081 
4.675594595 
4.992351351 
4.879324324 


1.3836 
1.3537 
1.366 
1.1803 


0.967 
0. 9734 
0.9836 
0.9975 


0.4166 
0.3803 
0. 3824 
0.1828 


TVverage 


5.392473691 


4.868087838 


1.3209 


0.980375 


0.340525 


S.D. 


0.096805582 


0.136466794 


0.09453306 


0.013306734 


0.10645836 


CM5/2 

Replicate 1 
Replicate 2 
Replicate 3 
Replicate 4 


5,042918455 
4.746835443 
4.466140424 
4.330156122 


4.402243243 
4.279756757 
4.161702*703 
I 4.488162162 


1.2962 
1.4218 
1.205S 
1.2983 


1.0311 
- 1.02S 
1.0256 
1.019S 


0.2658 
0.3928 
0.1803 
0.2786 


Average 


4.796512613 


4.332966216 


1.30567! 


> 1.0263 


\ 0.279375 


S.D. 


0.25178696' 


1 0.14265053! 


> 0.0886462 


i 0.005068202 


i 0.087304004 


CM5/3 

Replicate 1 
Replicate 2 
Replicate 3 
Replicate 4 


5.802707.9: 
6.230828223 
6.50095602: 
6. 44726712! 


} 4.54856756f 
L 4.747135131 
3 4.98940540! 
3 4.97994594( 


5 1.415: 
5 1.363< 
3 1.390? 
5 1.426( 


3 1.170! 
5 1.186: 
3 1.165! 
5 1.156 


-y 0.2448 
L 0.1775 
3 0.225 
5 0.27 


Average 


6.24543982( 


5 4.81626351 


i 1.399 


L 1.16977 


5 0.229325 


S.D. 


0.31741025^ 


9 0.2107209, 


L 0.0279653- 


4 0.01232379 


1 0.039151277 



Cosxpound 


Xen8±le 
Strength 

0TS (MPa) 


Strain at 
Failure 

e£ (100%) 


0 - 50 % e 


(E) at: 

100 - 300 % e 


Modulus 

Low/Moderate 
Straxn 


CM6 

Replicate 1 
Replicate 2 
Replicate 3 
Replicate 4 


6.275673209 
6.404494382 
5.253940455 
5.711206897 


4.47472973 
4. 494918919 
3.870486486 

4.078054054 


1.4483 
1.6546 
1.5264 
1. 6963 


1.3216 
1.32 
1.3048 

1.2923 


0.1267 
0.3346 
0.2216 
0.404 


Average 


5.911328736 


4.229547297 


1.5814 


1. 309675 


0.271725 


S.D. 


0.531716513 


0.306817748 


0.11445648 


0,013837961 


0.122467285 


CM7 

Replicate 1 
Replicate 2 
Replicate 3 
Replicate 4 


8.363933089 
8. 610210697 
7.910750507 
8.333333333 


5.234135135 
4. 941918919 
4.54427027 
4.697162162 


1.7669 
1.6965 
1.6635 
1.5944 


1.5202 
1.5947 
1.6442 
1, 6614 


0.2467 
0.1018 
0.0193 
-0.067 


Average 


8.304556907 


4.854371622 


1.680325 


1.605125 


0.0752 


S.D. 


0.290322426 


0.301530826 


, 0.07170088 


0.063284194 


0.13349839 



Examples 11^ III 

Formulation and Mxxxng Details 

The formulations given below show a NR/SBR compound 
(Example II) and a NBR compound {Example III), both 
containing just over 40% by weight of 60 mesh rubber 
dust. Each formulation is successfully mixed and cured 
to give matting products with satisfactory properties. 
Changes to the formulations to achieve compound 
optimisation, including the grade and quantity of the 
liquid rubber used, are quite acceptable, providing the 
changes do not reduce the effectiveness of the liquid 
polymer within the system. Similarly, the mixing method 
employed suited the equipment available for the 
development work, and should not be considered 
prescriptive. The fill factor and addition times will 
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37 

compound is mixed, although it is recommended that the 
dump temperature does not exceed 110°C so that an 
adequate scorch safety can be' maintained. An internal 
mixer with tangential rotors was used for the development 
mixing . 
Example II 
Table 3 



Natural Rubber /SBR 



Ingredients 


phr 


Pre-masticated NR 


32.250 


DPR 40 


10.000 


SBR 1502 


60.000 


N339 


40.000 


Aromatic Process Oil 


40.000 


Rubber Dust 


135.000 


Zinc Oxide 


4.000 


Stearic acid 


2.000 


Antidegradant BPH 

Miiuueyiouoiii ririoji 


1.500 


X.UUU 


TMTD - 80% 


0.250 


TBBS 


1.300 


Soluble Sulphur 


2.750 


TOTAL 


330.050 



lOOplir NR/7;5phr Pepton 66. ML1+4@100*'C 
Liquid NR Supplied by Elementis 



60 mesh from ground tyre tread 



30 tot 55 



Non-staining (Vullcanox BKF) 
Non-staining (Vuicanox ZM52/u 



'C5) 



S.G. 

Hardness 



1,120 
50 IRHD 



lyiixed using a 2,6 litre capacity laboratory Banbury mixer' 
with tangential rotor mixing action. 
Fill Factor 95% 



lyiixing Cycle: 
Natural Rubber/SBR/DPR40 
Black/Oil/Rubber Dust 
Zinc Oxide/Stearic Acid 
Antidegradants/Cure System 



(Time from Start) 
0 minutes 
0.5 minutes 
1.0 minutes 
1.5 minutes 



Dump to temperature @ 110°C 



25 





e iscc 


ML 


2.22 


■ts2 


0.77 


t50 


0.81 


t90 


1.44 


MH 


6.81 
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Key/T;Jotes 

NR : natural rubber 

DPR40: liquid NR : viscosity -40,000 cps @ 38*'C 

■ avge MW 32, 000 
SBR 1502 : general purpose grade SBR; ML 1+4 (100°C)= 52 
N339 : HA furnace black (ASTM designation) 
Aromatic process oil : mineral oil. This is a low amount 
for a filled NR-containing compound 
BPH : 2, 6-di-t-butyl-4-methylphenol 
MMBI : Zn salt of •2-mercapto methylbenzoimidazole 
TMTD : tetramethylthiuramdisulfide 
TBBS : N-t-butyl-2-benzothiazolyl sulfenamide 

Example III 
Table 4 



Nitrile 



Ingredients 


Phr 


NBR 34.50 


80.000 


Nipol 1312 LV 


20.000 


N660 


40.000 


Rubber Dust 


110.000 


D.O.P. 


10.000 


Zinc Oxide 


5.000 


Stearic Acid 


1.000 


A.D.P.A. 


2.000 


CBS 


2.000 




0.500 


I^C Sulphur 


2.000 


TOTAL 


'272.500 



(Supplied by Zeon) 

60 mesh from ground W.O.M. mat edge trimmings 
(Permanax BLW) 



S.G. 

Hardness 



1.150 
50 IRHD 



Mixed using a 2,6 litre capacity laboratory Banbury mixer 
with tangential rotor mixing action. 
Fill Factor 95% 

Mixing Cycle: (Time from Start) 

NBR/Nipol 1312 LV 0 minutes 

Black/Oil/Rubber Dust/Sulphur 0.5 minutes 

Zinc Oxide/Stearic Acid l.O minutes 

Antidegradants/Accelerators 1.5 minutes 



Dump to temperature @ 110 °C 



MDS. @ ISO^C 
ML 1.2 -J 
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t50 0.54 
t90 0.76 
MH 8.17 

Key/Notes 

NBR : 50- is the Mooney viscosity ML 1 + 4 @ 100°C 

34 is acrylonitrile content 
Nipol : low-viscosity NBR 
--29% ACN 

• " ' Brookfield viscosity range 9000-16000 

(sample was 12000) 
ADPA : anti-oxidant/anti-ozonant : conventional 

(a p-phenylene diamine compound) 
CBS : accelerator: cyclohexylbenzothiazyl sulphenamide 
TMTM : accelerator: tetramethyl thiuram monosulphide , 
MC sulphur : Mg coated (easier to disperse in nitril^ 
rubber) i 
WOM : walk-off mat 



Example IV 

Various nitrile rubber compositions were prepared, based 
on nitrile rubber and nitrile crumb rubber as in Example 
III, to investigate the effects of composition variations 
on processing and on product performance. 

Tests on the cured products included standard tests 
for tensile strength, elongation of break, modulus at 
300% extension and tear strength. Tear strength- is of 



particular importance in laminar products, of which mats 
are an example. 

The rheology data include. the established parameters 
of lowest and highest torque, Tsl and 90% torque to 
indicate the behaviour of the composition during cure. 

The compositions were tested for mat use by backing 
a tufted textile layer with the composition. Tuft lock 
values are the force to pull out a tuft before and after 
washing 'the test" piece. •• - - 

The processing ratings are from 1 = Poor to 5 = 
excellent. The results for compositions A to M are given 
in Table 5 that follows. The compositions are described 
after the table, with comments on the results. 
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Description of Compositions Comments on results 

A: As in Example III, but 
base rubber Mponey viscosity 
is 45 



B: As in Example III, but 
base rubber Mooney viscosity 
is 30 (low) 



C: .As in A, but- doubling 
^oil' (DOP) to compare with B 
(lower-viscosity base) 



D: As in A, but different 
accelerator system (slower) 
known for mat formation 



Use of the low viscosity base 
seems to have improved 
processability. The tear 
strength, although somewhat 
lower than ideal for a mat 
formulation, is excellent 
considering that 40% is criamb 
rubber 

Returning to the higher 
viscosity base, and seeking to 
improve dispersion using 
instead more conventional 
processing aids. Tear strength 
is reduced. 

A slower cure led to improved 
tear strength, although modulus 
and processing properties are 
not so good- 



E: As in B (low-viscosity 
base) but liquid polymer 
omitted 



Omitting liquid polymer and 
relying on the lower viscosity 
base, tensile strength and 
modulus were still 
comparatively good (higher 
overall MW) ; tear strength and 
processability were not so 
good. Tear strength is 
important in many web and layer 
products . 



F: As in B (low-viscosity . The change to a larger crumb 

base), larger crumb- (26 mesh) size - a more conventional 

crumb size - was accommodated 
well in these formulations. In 
general, larger crumb is easier 
to disperse as expected but 
surface finish and tear 
strength are not so good. 
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Somewhat anomalous test 
results, however. 



H: An existing coinmercial 
nitrile mat base formulation: 
Mooney is 45, contains about 
25 phr inert mineral filler. 
Liquid polymer and 60 mesh 
crumb at 40% added as in A 



With added' crumb rubber, this 
commercial formulation lost a 
lot of tensile strength. 
Probably attributable to the 
significant level of additional 
inert filler taking up wetting 
capacity of the formulation. 
Tuftlock is poor. Slow cure (as 
in D) improved tear strength. 



I: As in H .(modified 
commercial foannula with 
liquid polymer and crumb 
rubber) but larger 2 6 mesh 
crumb as in F 



Interesting improvements 
compared with H; perhaps due to 
the larger crumb' s much lower 
specific surface area and hence 
less- call on wetting 
capab;Llity. , Poor tuftlock . with 
large particles. 



J: As in I but omitting th€ 
liquid polymer 



Without liquid rubber additTivei 
some (apparently anomalous)-, 
good test results. Poor 
tuftlock. 



K: As in F (low-viscosity 
base, larger criomb, liquid 
polymer addition) 



By raising liquid addition-i^to 
25 phr, good tear strength "and 
tuftlock even with 50% crumb. 
This is large crumb, however. 



L: As in A, but no rubber 
crumb at all (liquid polymer 
addition still used) 



Without any rubber crumb, 
essentially the elastomeric 
properties of the nitrile 
rubber (with cured liquid 
nitrile blended) . 



M: As in J . (commercial With faster cure, tear strength 

nitrile base viscosity 45, . less than J. 
large crumb at 40%, no liquid 
polymer) but using the same 
cure system as in A 
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